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COASTAL PROTECTION A ND 
RESTORATION AUTHORIT Y 
This document was developed in support of the 2023 Coastal Master Plan being prepared by the 

Coastal Protection and Restoration Authority (CPRA). CPRA was established by the Louisiana 

Legislature in response to Hurricanes Katrina and Rita through Act 8 of the First Extraordinary Session 

of 2005. Act 8 of the First Extraordinary Session of 2005 expanded the membership, duties, and 

responsibilities of CPRA and charged the new authority to develop and implement a comprehensive 

coastal protection plan, consisting of a master plan (revised every six years) and annual plans. CPRAõs 

mandate is to develop, implement, and enforce a comprehensive coastal protection and restoration 

master plan.  
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Any use of trade, firm, or product names is for descriptive purposes only and does not imply 

endorsement by the U.S. Government. The term recommendation used within this report refers to 

suggestions and options for improving habitat suitability models based on best available science and 

peer-reviewed literature. The term is not used to imply management or policy changes. 
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EXECUTIVE SUMMARY 
Habitat suitability index (HSI) models were developed for the 2023 Coastal Master Plan to evaluate 

the potential effects of coastal restoration and protection projects on habitat for key coastal fish, 

shellfish, and wildlife species. These species included: eastern oyster, brown shrimp, white shrimp, 

blue crab, crayfish, gulf menhaden, spotted seatrout, largemouth bass, American alligator, gadwall, 

mottled duck, brown pelican, seaside sparrow, and bald eagle. Most of these species were included in 

the 2017 Coastal Master Plan analyses, and the HSI models from that effort were refined and 

improved following the recommendations described in the technical memorandum: 2023 Coastal 

Master Plan Habitat Suitability Index Model Improvement Recommendations (Sable et al., 2019). In 

addition to model improvements, HSI models were created for seaside sparrow and bald eagle, both 

of which are new species for the master plan analyses. 

For the HSI models that are primarily literature-based, literature reviews were conducted for recent 

studies that could be used to improve the suitability index (SI) relationships that compose the models. 

As a result of this review, modifications were made to the salinity-related SIs of the oyster model 

including: expanding the time period used for salinity effects to spawning; adjusting the range of 

suitable annual average salinity to be more representative of Louisiana populations; and making 

oysterõs minimum salinity tolerance temperature dependent. In addition, a new SI was incorporated in 

the oyster HSI model that accounts for the effects of sediment deposition on oysters. The crayfish HSI 

model was improved by adjusting the time periods used for the SIs that describe the hydrology 

required for the crayfish life cycle, and the soil characteristics SI that was part of the 2017 crayfish 

model was removed because soil conditions do not appear to be limiting for crayfish burrow 

construction in coastal Louisiana. The other literature-based HSI models from the 2017 Coastal 

Master Plan, i.e., American alligator, gadwall, mottled duck, and brown pelican, were unchanged, with 

the exception of a small adjustment made to the suitability of forested wetlands for gadwall.  Lastly, a 

literature-based HSI model was created for seaside sparrow that consists of SIs related to vegetated 

habitat type, marsh vegetation coverage, and marsh elevation.   

Statistical-based HSI models were developed for brown shrimp (both small and large juvenile stages), 

white shrimp (small and large juvenile stages), blue crab (juvenile stage), gulf menhaden (juvenile and 

adult stages), spotted seatrout (juvenile and adult stages), largemouth bass, and bald eagle. The bald 

eagle HSI model was developed from a bald eagle nest probability of occurrence model that related 

nest occurrence from survey data with land cover type. The resulting model showed that combinations 

of forested wetlands, flotant marsh, and open water habitats were most suitable for nesting bald 

eagles. The 2023 fish, shrimp, and blue crab HSI models were developed using new approaches for 

the formulation of the water quality and structural habitat SIs that compose the models. For the 2017 

models, the water quality SI was derived using only generalized linear mixed models (GLMMs) to 

estimate the relationship between salinity, water temperature, and speciesõ catch. For the 2023 

models, however, multiple GLMMs and generalized additive models (GAMMs) were created for each 
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species or life stage. These alternative models were compared and a single model that performed well 

statistically and was ecologically reasonable was selected for the speciesõ water quality SI. The 

structural habitat SI was developed using a meta-analysis of published literature to estimate the 

relative importance of various estuarine habitats to the fish and shellfish species. The results of this 

analysis were then used to modify the 2017 structural habitat SI relationship to account for the added 

habitat value of submerged aquatic vegetation and oyster reefs, which are also important habitats for 

juvenile fish and shellfish. Similar to the 2017 fish, shrimp, and blue crab models, the water quality 

and structural habitat SIs were then combined to create the 2023 HSI models. 

The 2023 Coastal Master Plan HSI models were integrated with the Integrated Compartment Model 

(and are referred to as ICM-HSIs) and tested using environmental output from the 2017 Coastal 

Master Plan Future Without Action scenario. The tests showed that, in general, the models produced 

reasonable representations of speciesõ habitat distribution. Furthermore, the improvements made to 

the oyster, crayfish, fish, shrimp, and blue crab HSI models generally yielded more realistic results 

compared to the 2017 HSI models. 
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1.0  INTRODUCTION  
Habitat suitability index (HSI) modeling has a long history in water resource and restoration planning 

for predicting the effects of management actions on fish and wildlife habitat (United States Fish and 

Wildlife Service [USFWS], 1981). HSI models consist of functions, called suitability indices (SI), that 

relate key environmental variables to the quality or suitability of a habitat for a species. These SIs are 

developed using species life history information along with presence-absence or relative abundance 

data collected over a range of environmental conditions. The indices are standardized to a 0 to 1 scale 

(with 1 representing the most suitable condition), and then combined to produce an HSI score that 

represents the capacity of a habitat to support a species. Although HSI models are often criticized 

because they only quantify habitat conditions, which may not directly correlate to species abundance 

(Weber et al., 2016), they remain a practical and tractable way to assess changes in habitat quality for 

species. 

Habitat suitability index models have been used in Louisianaõs Coastal Master Plan modeling efforts to 

evaluate the potential effects of coastal restoration and protection projects on habitat for key coastal 

fish, shellfish, and wildlife species. For the 2012 Coastal Master Plan, the HSI models consisted of SIs 

developed using published literature and best professional judgement of species-habitat relationships 

(Nyman et al., 2013). For the 2017 Coastal Master Plan, suggested improvements to the HSI models 

included using statistical analyses of empirical datasets to estimate the species-habitat relationships 

(Rose & Sable, 2013). Such an approach would allow for more defensible and rigorous HSI functions 

to be developed. Consequently, the brown shrimp, white shrimp, blue crab, gulf menhaden, bay 

anchovy, spotted seatrout, and largemouth bass HSI models included water quality SIs that 

statistically relate species catch-per-unit-effort (CPUE) data with corresponding salinity and water 

temperature measurements collected by the Louisiana Department of Wildlife and Fisheries (LDWF). 

This water quality SI was then combined with a literature-based structural habitat SI, and in some 

cases a chlorophyll a SI, to form the HSI model for each fish, shrimp, and crab species. Other speciesõ 

2017 HSI models continued to be literature based because of the lack of suitable datasets from which 

statistical relationships could be derived. These models were improved and refined by incorporating 

new ecological knowledge from the literature. The improved 2017 HSI models were then integrated 

with the 2017 Coastal Master Planõs Integrated Compartment Model (ICM), and thus are a subroutine 

of the larger model called ICM-HSI (but hereafter referred to as just HSI). The ICM-HSI uses output 

from the other ICM subroutines and calculates an annual suitability score for each 500 m x 500 m 

vegetation subroutine grid cell (note: a 480 m x 480 m grid cell size will be used for HSI calculations in 

the 2023 Coastal Master Plan). A complete description of the 2017 models can be found in the 2017 

Coastal Master Plan appendices, Attachments C3-6 to C3-19, located at: https://coastal.la.gov/our-

plan/2017-coastal-master-plan/.  

Recommendations for HSI model improvement were solicited following the 2017 Coastal Master Plan, 

and further investigated in the technical memorandum: 2023 Coastal Master Plan Habitat Suitability 
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Index Model Improvement Recommendations (Sable et al., 2019). The final recommendations from 

that effort included continuing the improvement and refinement of the literature-based HSI models by 

incorporating new ecological knowledge from recent literature. For the fish, shrimp, and blue crab HSI 

models, a meta-analysis approach was proposed that would improve the structural habitat SI by using 

empirical data from published studies to estimate the relative importance of aquatic habitats to each 

species. In addition, a new modeling approach was recommended for selecting the best and most 

appropriate statistical models to use for the 2023 water quality SIs. Methods to detect and resolve 

statistical issues and improve model fit were also proposed for the water quality SI analyses. The 

recommendations also included an updated list of species to be included in the master plan analyses 

(Table 1). The species selected cover a range of taxonomic groups, life histories, trophic levels, and 

habitats, and include two new species, seaside sparrow and bald eagle.    

The purpose of this report is to document the methods used to refine, improve, and develop the HSI 

models for the 2023 Coastal Master Plan, following the recommendations detailed in Sable et al. 

(2019). The HSI models are categorized herein as those that are primarily literature-based, including 

eastern oyster, crayfish, American alligator, gadwall, mottled duck, brown pelican, and seaside 

sparrow, and those that are primarily statistical-based, including brown shrimp, white shrimp, blue 

crab, gulf menhaden, spotted seatrout, largemouth bass, and bald eagle. For the pre-existing 

literature-based HSI models, this report focuses on changes made to the previous version of the 

models and the rationale for the changes. For the other HSI models, i.e., seaside sparrow, bald eagle, 

and the fishes, shrimps, and blue crab, the methods used in model development are summarized in 

the main body of this report with further detail provided as attachments. The full HSI model for all 

species except fish, shrimp, and crab are described here, and all models are available at: 

https://github.com/CPRA-MP/.  

 

Table 1. Species included in the 2023 Coastal Master Plan HSI analyses, their 

ecological or economic significance, and the source of the HSI  model used for the 

model improvement effort.  x = separate HSI models for the small and large 

juvenile life stages were developed. y = separate HSI models for juvenile and 

adult life stages were developed.  

 

SPECIES SPECIES SIGNIFICANCE MODEL SOURCE 

EASTERN OYSTER          

(CRASSOSTREA VIRGINICA) 

¶ ESTUARINE, SEDENTARY, PLANKTIVOROUS 

MOLLUSK 

¶ PROVIDES VALUABLE ECOSYSTEM SERVICES 

¶ SUPPORTS IMPORTANT COMMERCIAL FISHERIES 

2012 COASTAL 

MASTER PLAN 

BROWN SHRIMP X       

(FARFANTEPENAEUS 

AZTECUS) 

¶ BENTHIC CRUSTACEAN THAT USES ESTUARIES AS 

JUVENILE NURSERY HABITAT 

¶ SUPPORTS IMPORTANT COMMERCIAL FISHERIES 

2017 COASTAL 

MASTER PLAN 
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SPECIES SPECIES SIGNIFICANCE MODEL SOURCE 

WHITE SHRIMP X             

(LITOPENAEUS SETIFERUS) 

¶ BENTHIC CRUSTACEAN THAT USES ESTUARIES AS 

JUVENILE NURSERY HABITAT 

¶ SUPPORTS IMPORTANT COMMERCIAL FISHERIES 

2017 COASTAL 

MASTER PLAN 

BLUE CRAB                   

(CALLINECTES SAPIDUS) 

¶ BENTHIC CRUSTACEAN FOUND IN ESTUARINE 

HABITATS THROUGHOUT MOST OF ITS LIFE CYCLE 

¶ SUPPORTS IMPORTANT COMMERCIAL FISHERIES 

2017 COASTAL 

MASTER PLAN 

CRAYFISH                  

(PROCAMBARUS CLARKII 

AND   P. ZONANGULUS) 

¶ BENTHIC CRUSTACEAN PRIMARILY ASSOCIATED 

WITH FRESHWATER HABITATS 

¶ SUPPORTS IMPORTANT COMMERCIAL FISHERIES 

2017 COASTAL 

MASTER PLAN 

GULF MENHADEN Y          

(BREVOORTIA PATRONUS) 

¶ PLANKTIVOROUS FISH THAT USES ESTUARIES AS 

JUVENILE NURSERY HABITAT 

¶ SUPPORTS IMPORTANT COMMERCIAL FISHERIES 

2017 COASTAL  

MASTER PLAN 

SPOTTED SEATROUT Y          

(CYNOSCION NEBULOSUS) 

¶ PREDATORY FISH FOUND IN ESTUARINE HABITATS 

THROUGHOUT MOST OF ITS LIFE CYCLE 

¶ POPULAR RECREATIONAL FISHERY SPECIES 

2017 COASTAL 

MASTER PLAN 

LARGEMOUTH BASS         

(MICROPTERUS 

SALMOIDES) 

¶ PREDATORY FISH PRIMARILY ASSOCIATED WITH 

FRESHWATER HABITATS 

¶ POPULAR RECREATIONAL FISHERY SPECIES 

2017 COASTAL 

MASTER PLAN 

AMERICAN ALLIGATOR          

(ALLIGATOR 

MISSISSIPPIENSIS) 

¶ UPPER TROPHIC LEVEL REPTILE PRIMARILY 

ASSOCIATED WITH FRESHWATER HABITATS 

¶ COMMERCIALLY-HARVESTED SPECIES 

2017 COASTAL 

MASTER PLAN 

GADWALL                                

(ANAS STREPERA) 

¶ MIGRATORY WATERFOWL THAT USES ESTUARIES 

AS WINTERING HABITAT 

¶ POPULAR RECREATIONALLY-HUNTED SPECIES 

2017 COASTAL 

MASTER PLAN 

MOTTLED DUCK                       

(ANAS FULVIGULA) 

¶ WATERFOWL THAT IS YEAR-ROUND RESIDENT OF 

ESTUARIES 

¶ STATE-IDENTIFIED SPECIES OF CONSERVATION 

NEED 

2017 COASTAL 

MASTER PLAN 

BROWN PELICAN            

(PELECANUS 

OCCIDENTALIS) 

¶ UPPER TROPHIC LEVEL COASTAL SEABIRD THAT 

NESTS PRIMARILY ON COASTAL ISLANDS 

¶ STATE-IDENTIFIED SPECIES OF CONSERVATION 

NEED 

2017 COASTAL 

MASTER PLAN 
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SPECIES SPECIES SIGNIFICANCE MODEL SOURCE 

SEASIDE SPARROW         

(AMMOSPIZA MARITIMA 

FISHERI) 

¶ YEAR-ROUND RESIDENT OF VEGETATED MARSH 

HABITATS 

¶ STATE-IDENTIFIED SPECIES OF CONSERVATION 

NEED 

NEW MODEL 

BALD EAGLE                  

(HALIAEETUS L. 

LEUCOCEPHALUS) 

¶ UPPER TROPHIC LEVEL RAPTOR THAT NESTS 

PRIMARILY IN WOODED, FRESHWATER HABITATS 

¶ STATE-IDENTIFIED SPECIES OF CONSERVATION 

NEED 

NEW MODEL 
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2.0  LITERATURE-BASED MOD ELS 
The literature-based HSI models for the 2023 Coastal Master Plan include those for eastern oyster, 

crayfish, American alligator, gadwall, mottled duck, brown pelican, and seaside sparrow. Except for 

seaside sparrow, HSI models for these species were also included in the 2017 Coastal Master Plan. 

To improve the 2017 models, literature reviews were conducted for recent research on these species 

that could be used to refine the existing SIs or develop new SIs. The review particularly focused on 

locating research pertaining to the areas of potential model improvement identified by the 2017 HSI 

model developers. The model developers, and other subject matter experts, were consulted to provide 

guidance on relevant research and input on possible model changes.  

2.1  EASTERN OYSTER 

The existing eastern oyster HSI model had not been updated since its development for the 2012 

Coastal Master Plan (Soniat, 2012; Master Plan Appendix D13 located at: https://coastal.la.gov/our-

plan/2012 -coastal-masterplan/cmp-appendices/). Since then, much research has been conducted on 

the effects of environmental variables, such as salinity and temperature, on oyster populations. This 

research was used to modify the three salinity-based SIs in the oyster HSI model. In the previous 

model, the òMean salinity during the spawning seasonó SI defined the spawning season as May 

through September (Soniat, 2012). This time period is considered too narrow and misses significant 

reproduction by oysters based on field data collected over the past decade (Casas et al., 2015). 

Furthermore, LDWF monitoring data show that spat recruitment remains high and actually peaks in 

November (Dr. Megan La Peyre, USGS, written communication, 4/17/2019). Consequently, for the 

2023 oyster HSI model, the time period used for this SI was expanded to April through November. The 

suitability relationship used for the index, though, was unchanged.  

The òMinimum monthly salinityó SI, which takes into account the effects of freshwater inflow events on 

oysters, consisted of a single relationship covering the entire year in the previous model (Soniat, 

2012). However, the tolerance of oysters to the inflow events is dependent on water temperature. 

Laboratory experiments and field studies have shown that oysters can survive several months in 

salinities less than 3 parts per thousand (ppt) at low water temperatures (<25°C), whereas during 

warmer periods low salinities negatively impact spawning, recruitment, growth, and survival (La Peyre 

et al., 2013; Rybovich et al., 2016; Lowe et al., 2017). Denapolis (2018) used two minimum salinity 

relationships in a modified HSI model to account for this temperature-salinity interaction, one for cool 

months (October through March) and one for warm months (April through September). These 

relationships were incorporated into the 2023 HSI model with slight modifications that: increased 

suitability at 5 ppt in accordance with the aforementioned research showing oyster survivability at low 

salinities; and increased optimal salinities from a peak at 8 ppt to a range from 8 to 10 ppt because 

there are no data to support maximum survival at 8 ppt. 

https://coastal.la.gov/our-plan/2012-coastal-masterplan/cmp-appendices/
https://coastal.la.gov/our-plan/2012-coastal-masterplan/cmp-appendices/
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The relationship used for the SI òMean annual salinityó was modified to better reflect conditions 

suitable for oysters in Louisiana. The previous relationship gave relatively high suitabilities to salinities 

above 20 ppt (Soniat, 2012). This may reflect suitable conditions for oysters elsewhere in the Gulf of 

Mexico or along the Atlantic Coast but does not accurately reflect conditions in Louisiana estuaries, 

where high rates of mortality from predation and disease occur at salinities greater than 15-20 ppt 

(Lowe et al., 2017). Therefore, suitabilities were reduced at mean annual salinities greater than 15 

ppt, and suitability was set to 0.0 at salinities above 25 ppt.    

In addition to the modifications to existing SIs, several new SIs were considered for inclusion in the 

2023 oyster HSI model. A suitability index for water temperature was explored because 32° C is 

considered a threshold for oyster feeding and mortality (La Peyre et al., 2013; Rybovich et al., 2016). 

However, this was determined to be unnecessary because water temperatures greater than 32°C do 

not occur often, and the òminimum monthly salinityó relationships implicitly account for some of the 

mechanisms that affect oysters at summer temperatures. Suitability indices for dissolved oxygen and 

bottom type were also considered but not included because the ICM does not provide suitable output 

for these parameters. An SI describing the effects of sediment deposition on oysters is included in the 

2023 HSI model. This SI was added because high levels of sediment deposition over time (>40-60 

mm per year) can interfere with metabolic processes, bury oyster beds, and result in oyster mortality 

(Colden & Lipcius, 2015). The new SI included in the HSI model is appropriate for larger oyster life 

stages. Oyster spat, by comparison, are less tolerant of sedimentation, particularly during settlement 

(Thomsen & McGlatthery, 2006), but there was a lack of data with which to determine precise 

tolerance levels. The resulting 2023 oyster HSI model is used to calculate the annual habitat 

suitability score of each model cell for post-settlement life stages of eastern oyster in coastal 

Louisiana. The model equation is: HSI = (SI1 x SI2 x SI3 x SI4 x SI5 x SI6)1/6 .    

SI1 = Percent of cell covered by cultch (V1). This SI remains in the model to allow for assessments of 

impacts to current oyster grounds. For the 2023 Coastal Master Plan analyses, SI1 will be set to 1.0 to 

provide estimates of future oyster habitat suitability independent of current cultch conditions.  

 

 

SI1 = 0.04*V1, when V1 Ò 10% 

(0.02*V1) + 0.2, when 10 < V1 Ò 30 

 (0.01*V1) + 0.5, when 30 < V1 Ò 50 

 1.0, when V1 > 50 

   

 

Figure 1. Suitability relationship for oyster SI 1 , percent cultch.  
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SI2 = Mean salinity during the spawning season, April through November (V2): 

 

SI2 = 0.0, when V2 < 5 ppt 

(0.06*V2) ð 0.3, when 5 Ò V2 < 10 

(0.07*V2) ð 0.4, when 10 Ò V2 < 15 

(0.1167*V 2) ð 1.1, when 15 Ò V2 < 18 

1.0, when 18 Ò V2 < 22 

(-0.0875*V 2) + 2.925, when 22 Ò V2 < 30 

(-0.04*V 2) + 1.5, when 30 Ò V2 < 35 

(-0.02*V2) + 0.8, when 35 Ò V2 < 40 

Figure 2. Suitability relationship for oyster SI 2 , mean salinity during spawning 

season.  
 

 

SI3 = Minimum monthly mean salinity (V3). Two relationships are used: one for cool months, October 

through March, and one for warm months, April through September. The SI is derived by calculating 

the suitability of the lowest monthly mean salinity for each of the two time periods using the         

relationships described below; then the overall SI is calculated using the equation: SI3 = (SI3 cool x SI3 

warm)1/2 . 

  

 

SI3 cool = 0.0, when V3 Ò 1 or Ó 20 ppt 

 (0.1429*V 3) ð 0.1429, when 1 < V3 < 8 

1.0, when 8 Ò V3 < 10 

(-0.16*V 3) + 2.6, when 10 Ò V3 < 15 

(-0.04*V 3) + 0.8, when 15 Ò V3 < 20 

 

 

 

SI3 warm = 0.0, when V3 Ò 2 or Ó 20 ppt 

(0.1668*V 3) ð 0.33, when 2 < V3 < 8 

1.0, when 8 Ò V3 < 10 

(-0.16*V 3) + 2.6, when 10 Ò V3 < 15 

(-0.04*V 3) + 0.8, when 15 Ò V3 < 20 

          

 

 

Figure 3. Suitability relationship for oyster SI 3 , minimum monthly salinity, for A) 

cool months and B) warm months.  

A 

B 
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SI4 = Mean annual salinity (V4): 

 

SI4 = 0.0, when V4 < 5 or Ó 25 ppt 

(0.2*V4) ð 1.0, when 5 Ò V4 < 10 

1.0, when 10 Ò V4 < 15 

(-0.16*V 4) + 3.4, when 15 Ò V4 < 20 

(-0.04*V 4) + 1.0, when 20 Ò V4 < 25 

 

 

Figure 4. Suitability relationship for oyster SI 4 , mean annual salinity.  
 

 

SI5 = Percent of cell covered by land (V5). This SI is included to restrict the oyster HSI output to model 

cells that are primarily open water habitat (Soniat, 2012). 

 

 
SI5 = (-0.01*V 5) + 1.0 

 

 

 

 

 

 

Figure 5. Suitabilit y relationship for oyster SI 5 , percent land.  
 

 

SI6 = Cumulative sediment deposition (V6). The annual amount of sediment deposition for the open 

water parts of a cell is calculated by summing mean monthly sediment deposition, then the SI is 

derived using the suitability relationship described below. 
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SI6 = 1.0, when V6 < 35 mm 

(-0.2*V 6) + 8.0, when 35 Ò V6 < 40 

0.0, when V6 Ó 40  

 

 

 

 

Figure 6. Suitability relationship for oyster SI 6 , sediment deposition.  
 

 

2.2  CRAYFISH 

Recommended improvements to the 2017 crayfish HSI model included making adjustments to the 

time periods used for the two SIs that describe the hydrology required for the crayfish life cycle 

(Romaire, 2017). One SI described suitable water depths for the high-water season, which was 

defined as October through June; and the other described suitable water depths for the low-water 

season, which was defined as July through September. The time periods used for these seasons, 

however, did not accurately reflect the patterns of high and low waters observed in the 2017 ICM 

simulations. In particular, the July through September time period often coincided with peak water 

levels in many swamp areas and only captured the beginning of water level recession (Figure 7). 

Therefore, for the 2023 crayfish HSI model, the time period for the low-water season was changed to 

August through November, and the time period for the high-water season was changed to December 

through July. These periods of wetland flooding and drying are consistent with that seen for the 

Atchafalaya Basin swamp, which supports large populations of crayfish (Hupp et al., 2008; Bonvillain, 

2012). 
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Figure 7. Daily water surface elevations for year 4 of the 2017 Coastal Mast er 

Plan ICM simulation for select swamp model compartments.  The blue box 

indicates the time period used for the low - water season suitability index of the 

201 7 crayfish HSI model.  
 

 

The 2017 crayfish HSI model also included a SI related to the soil characteristics required for crayfish 

burrow construction. This index, which was based on the percentage of sand in the soil, did not help 

differentiate crayfish habitat because sand content simulated by the ICM was almost always optimal. 

As an alternative, Romaire (2017) suggested an index based on the soil classification system used in 

the United States Department of Agriculture Soil Surveys published for each Louisiana parish. The soil 

classes for each coastal parish were evaluated for sand content and other possible unfavorable soil 

characteristics for crayfish burrowing, such as permeability or available water capacity (a measure of 

the soilõs capacity to hold water). Soils with a high percentage of sand (>50% by weight), rapid 

permeability (>6.0 inches per hour), and low available water capacity (<0.10 inch per inch) were found 

on barrier islands, cheniers, fastlands, and in marshes near the Gulf. These areas are either outside 

the ICM domain or would not be considered suitable crayfish habitat due to high salinities or 

unfavorable hydrology (i.e. they do not flood regularly). Otherwise, it appears that the soils present in 

Louisianaõs coastal wetlands are highly suitable for crayfish burrow construction. Consequently, the 

2023 crayfish HSI model does not include a soil SI.   

Except for these changes, the 2023 crayfish HSI model is the same as the 2017 model. The model is 

used to calculate the annual habitat suitability score of each model cell for all life stages of crayfish. 
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The model equation is: HSI = (SI1 x SI2 Dec through Jul)1/6  x (SI3)1/3  x (SI4 Aug through Nov)1/3 . Similar to the 2017 

model, the HSI model is comprised of three component indices that describe suitable water conditions 

(SI1 and SI2), vegetated habitat types (SI3), and conditions needed for reproduction (SI4). 

SI1 = Mean annual salinity (V1): 

 

 

SI1 = 1, when V1 Ò 1.5 ppt 

1.5 ð (0.333*V 1), when 1.5 < V1 Ò 3.0 

1.0 ð (0.167*V 1,) when 3.0 < V1 Ò 6.0 

0.0, when V1 > 6.0 

 

 

 

 

Figure 8. Suitability relationship for crayfish SI 1, mean annual salinity.  
 

 

SI2 = Mean water depth from December through July (V2): 

 

 

SI2 = 0.0, when V2 = 0 or > 274 cm 

0.02174*V 2, when 0 < V2 Ò 46 

1.0, when 46 < V2 Ò 91 

1.5 ð (0.00547*V 2), when 91 < V2 Ò 274 

 

  

   

Figure 9. Suitability relationship for crayfish SI 2, water depth December to July.  
 

 

SI3 = Proportion of cell covered by habitat types (V3):    

SI3 = [(1.0 x V3a) + (0.85 x V3b) + (0.75 x V3c) + (0.6 x V3d) + (0.2 x V3e) + (0.0 x V3f) + (0.0 x V3g)] 

 Where: V3a = the proportion of a model cell that is swamp or bottomland hardwood 

  V3b = the proportion of a model cell that is fresh marsh 

  V3c = the proportion of a model cell that is open water 

  V3d = the proportion of a model cell that is intermediate marsh 

  V3e = the proportion of a model cell that is brackish marsh 

  V3f = the proportion of a model cell that is saline marsh 

  V3g = the proportion of a model cell that is bare ground 
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SI4 = Mean water depth from August through November (V4): 

         

 

SI4 = 0.0, when V4 > 15 cm 

1.0 ð (0.06667*V 4), when V4 Ò 15 

1.0, when V4 = 0  

 

 

 

Figure  10 . Suitability relationship for crayfish SI 4 , water depth August to 

November .  
 

 

2.3  AMERICAN  ALLIGATOR  

A review of recent research did not yield any new information that could be used to improve the 2017 

alligator HSI model. Consideration was given to modifying the òSalinityó and òHabitat typeó SIs by 

increasing suitability of saline habitats, based on a recent study by Nifong and Silliman (2017) that 

showed frequent utilization of such habitats in Georgia. However, the previous HSI model was 

developed to consider whether the entire alligator life cycle could be supported by a habitat; and 

although alligators may periodically utilize saline habitats, they usually have lower body condition and 

are unable to successfully reproduce in these habitats (Dr. Hardin Waddle, USGS, written 

communication, 2/18/2020 ). Therefore, the òSalinityó and òHabitat typeó SIs were unchanged, and 

the 2023 alligator HSI model is the same as the 2017 model (Waddle, 2017). The model is used to 

calculate the annual habitat suitability score of a model cell for alligator in coastal Louisiana, and 

takes into account factors important for nesting, foraging, physiology, and predator avoidance. The 

model equation is: HSI = (SI1 x SI2 x SI3 x SI4 x SI5)1/5 . 

 

 

 

 

 

 



2023 COASTAL MASTER PLAN. Habitat Suitability Index Model 

Improvements  24  

 

SI1 = Percent of cell that is open water (V1): 

 

SI1 = ((4.5*V1)/100) + 0.1, when V1 < 20% 

1.0, when 20 Ò V1 Ò 40 

((-1.667*V 1/100) + 1.667, when V1 > 40 

 

 

 

 

Figure 11 . Suitability relationship for alligator SI 1 , percent open water.  
 

 

SI2 = Mean annual water depth relative to the marsh surface (V2): 

 

SI2 = 0.1, when V2 Ò -0.55 or Ó 0.25 m 

(2.25*V2) + 1.3375, when -0.55 < V2 < -0.15 

1.0, when V2 = -0.15 

(-2.25*V 2) + 0.6625, when -0.15 < V2 < 0.25 

 

 

 

Figure 12 . Suitability relationship for alligator SI 2 , water depth relative to marsh 

surface.  
 

 

SI3 = Proportion of cell covered by habitat types (V3). Habitat types other than swamp, fresh marsh, 

intermediate marsh, and brackish marsh are given a suitability score of 0.0. 

SI3 = [(0.551 x V3a) + (0.713 x V3b) + (1.0 x V3c) + (0.408 x V3d)] 

Where: V3a = the proportion of a model cell that is swamp or bottomland hardwood 

V3b = the proportion of a model cell that is fresh marsh 

V3c = the proportion of a model cell that is intermediate marsh 

V3d = the proportion of a model cell that is brackish marsh 

 

SI4 = Edge (V4). This SI is based on output produced from the ICM-Morphology subroutine, which 

scales estimated edge such that the median value has an SI value of 0.5 and values at the 90th 
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percentile and above have a value of 1.0. 

 
 

SI4 = 0.05 + (0.95*(V4/22.0), when 0 Ò V4 Ò 22 

1.0, when V4 > 22 

  

 

 

 

 

Figure 13 . Suitability relationship for alligator SI 4 , edge .  
 

 

SI5 = Mean annual salinity (V5): 

 

SI5 = (-0.1*V 5) + 1.0, when 0 Ò V5 Ò 10 ppt 

0.0, when V5 > 10 

 

 

 

 

 

Figure 14 . Suitability relationship for alligator SI 5 , mean annual salinity.  
 

 

2.1  GADWALL  

One of the recommended improvements to the 2017 gadwall HSI model was to incorporate more data 

and research on gadwall use of forested wetlands (Leberg, 2017a). Because of a lack of empirical 

data, the 2017 model assumed a suitability score of 0.25 for both swamp forests and bottomland 

hardwood forests. However, recent field surveys conducted by Hucks (2017) found that gadwall rarely 

used forested wetland habitats. Therefore, for the 2023 gadwall HSI model, the suitability score for 

swamp forests and bottomland hardwood forests in the òVegetative habitat typeó SI was lowered from 

0.25 to 0.05 based on the recommendation of the 2017 HSI model developer (Dr. Paul Leberg, 

University of Louisiana at Lafayette, oral communication, 3/2/2020). Otherwise, the 2023 gadwall HSI 

model is the same as the 2017 model (Leberg, 2017a). The model is used to calculate the annual 

habitat suitability score of a model cell for gadwall wintering in coastal Louisiana from October through 
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April. The model equation is: HSI = (SI1 x SI2 x SI3)1/3 .  

SI1 = Proportion of cell covered by habitat types and associated open water (V1). When there is no 

emergent vegetation in a cell, the cell should be assigned to one of following habitat types based on 

average annual salinity: fresh marsh <1.5 ppt; intermediate marsh > 1.5 to < 4.5 ppt; brackish marsh 

> 4.5 to < 9.5 ppt; and saline marsh > 9.5 ppt. 

SI1 = [(0.68 x V1a) + (1.0 x V1b) + (0.5 x V1c) + (0.09 x V1d) + (0.05 x V1e) + (0.0 x V1f)] 

Where: V1a = the proportion of a model cell that is fresh attached or fresh floating marsh 

V1b = the proportion of a model cell that is intermediate marsh 

V1c = the proportion of a model cell that is brackish marsh 

V1d = the proportion of a model cell that is saline marsh 

V1e = the proportion of a model cell that is swamp or bottomland hardwood 

V1f = the proportion of a model cell that is non-wetland habitat 

SI2 = Proportion of cell with submerged aquatic vegetation (SAV) (V2): 

 

 

SI2 = 0.08, when V2 <0.30 

(2.3*V2) ð 0.61, when 0.30 Ò V2 <0.70 

1.0, when V2 Ó0.70 

      

 

 

 
 

Figure 15 . Suitability relationship for gadwall SI 2 , percent SAV.  
 

 

SI3 = Mean water depths from October through April (V3). This SI is derived by calculating the mean 

water depth for each 30-meter pixel of a model cell, estimating the proportion of the model cell 

covered by each depth category, then plugging these estimates into the following equation: 

SI3 = [(0.05*V 3a) + (0.15*V3b) + (0.35*V3c) + (0.60*V3d) + (0.83*V3e) + (1.0*V3f) + (0.86*V3g) +    

(0.61*V3h) + (0.37*V3i) + (0.20*V3j) + (0.10*V3k) + (0.05*V3l)] 

Where: V3a = the proportion of cell with mean water depth Ò 4 cm 

V3b = the proportion of cell with mean water depth >4 to Ò 8 

V3c = the proportion of cell with mean water depth >8 to Ò 12 

V3d = the proportion of cell with mean water depth >12 to Ò 18 

V3e = the proportion of cell with mean water depth >18 to Ò 22 

V3f = the proportion of cell with mean water depth >22 to Ò 28 

V3g = the proportion of cell with mean water depth >28 to Ò 32 
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V3h = the proportion of cell with mean water depth >32 to Ò 36 

V3i = the proportion of cell with mean water depth >36 to Ò 40 

V3j = the proportion of cell with mean water depth >40 to Ò 44 

V3k = the proportion of cell with mean water depth >44 to Ò 78 

V3l = the proportion of cell with mean water depth >78 to Ò 150 

2.2  MOTTLED DUCK  

A review of recent research and literature did not yield any information that could be used to improve 

or modify the 2017 mottled duck HSI model. Therefore, the 2023 mottled duck HSI model is the same 

as the 2017  model (Leberg, 2017b). The model is used to calculate the annual habitat suitability 

score of a model cell for post-fledgling juvenile and adult mottled duck in coastal Louisiana. Nesting 

habitat is not considered by the model because nesting occurs in non-wetland habitats that are not 

simulated by the ICM. The model equation is: HSI = (SI1 x SI2 x SI3 x SI4)1/4 .   

SI1 = Proportion of cell covered by habitat types and associated open water (V1). When there is no 

emergent vegetation in a cell, the cell should be assigned to one of following habitat types based on 

average annual salinity: fresh marsh <1.5 ppt; intermediate marsh > 1.5 to < 4.5 ppt; brackish marsh 

> 4.5 to < 9.5 ppt; and saline marsh > 9.5 ppt. 

SI1 = [(1.0 x V1a) + (0.67 x V1b) + (0.55 x V1c) + (0.23 x V1d) + (0.0 x V1e) + (0.0 x V1f)] 

 Where: V1a = the proportion of a model cell that is fresh attached or fresh floating marsh 

V1b = the proportion of a model cell that is intermediate marsh 

V1c = the proportion of a model cell that is brackish marsh 

V1d = the proportion of a model cell that is saline marsh 

V1e = the proportion of a model cell that is swamp or bottomland hardwood 

V1f = the proportion of a model cell that is non-wetland habitat 

 

SI2 = Proportion of cell that is emergent marsh (V2):  

 
 

SI2 = (2.81*V2) + 0.1, when V2 <0.32 

1.0, when 0.32 Ò V2 Ò0.70 

(-3.0*V 2) + 3.1, when V2 >0.70 

 

 

 

Figure 16 . Suitability relationship for mottled duck SI 2 , percent marsh.  
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SI3 = Mean annual water depth. This SI is derived by calculating the mean water depth for each 30-

meter pixel of a model cell, estimating the proportion of the model cell covered by each depth 

category, then plugging these estimates into the following equation:   

SI3 = [(0.6*V 3a) + (1.0*V3b) + (0.83*V3c) + (0.57*V3d) + (0.35*V3e) + (0.22*V3f) + (0.09*V3g) + 

(0.0*V3h)]  

Where: V3a = the proportion of cell with mean water depth Ó0 to Ò 8 cm 

V3b = the proportion of cell with mean water depth >8 to Ò 30 

V3c = the proportion of cell with mean water depth >30 to Ò 36 

V3d = the proportion of cell with mean water depth >36 to Ò 42 

V3e = the proportion of cell with mean water depth >42 to Ò 46 

V3f = the proportion of cell with mean water depth >46 to Ò 50 

V3g = the proportion of cell with mean water depth >50 to Ò 56 

V3h = the proportion of cell with mean water depth >56 

 

SI4 = Mean salinity during brood rearing, April through July: 

 

SI4 = 1.0, when V4 Ò 9 ppt 

(-0.11*V 4) + 1.98, when 9< V4 Ò 18 

0.0, when V4 >18 

   

 

 

 

 

Figure 17 . Suitability relationship for mottled duck SI 4 , mean salinity April to 

July .  
 

 

2.3  BROWN PELI CAN 

The most relevant recent research on brown pelican nesting habitat requirements was from the 

RESTORE Act, Center of Excellence-funded project: Assessment of coastal island restoration practices 

for the creation of brown pelican nesting habitat (https://thewaterinstitute.org/la -coe/funded-

research). This project assessed the effects of various environmental, ecological, and island 

geomorphological factors on the nesting success of pelicans on Louisianaõs barrier islands. Results 

suggest that island elevation is an important factor in pelican nesting success (Dr. Paul Leberg, 

University of Louisiana at Lafayette, oral communication, 3/2/2020). In addition, results from the 

https://thewaterinstitute.org/la-coe/funded-research
https://thewaterinstitute.org/la-coe/funded-research
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project could be used to refine the òDistance to the mainland or large islandsó SI. Unfortunately, data 

and analyses from the project were not available in time to make model improvements for the 2023 

Coastal Master Plan; therefore, these improvements should be considered for the next master plan 

modeling effort. The 2023 brown pelican HSI model is the same as the 2017 model (Leberg, 2017c). 

The model is used to calculate the annual habitat suitability score of a model cell for nesting brown 

pelican. The model equation is: HSI = (SI1 x SI2 x SI3 x SI4 x SI5 x SI6)1/6 . 

SI1 = Area of island including the cell of interest (V1). This SI only considers small islands to be suitable 

for nesting pelicans. Small islands are defined as contiguous model cells comprising a land mass less 

than 200 hectares in area that is surrounded by cells that are 100% open water. 

 

SI1 = 0.0, when V1 < 25 or >200 ha 

1.0, when 25 Ò V1 Ò 180 

10 ð (0.05*V1), when 180< V1 Ò 200 

 

 

 

Figure 18 . Suitability relationship for brown pe lican SI 1 , island area.  
 

 

SI2 = Distance to the mainland or large island (V2). This SI is the minimum distance from the center of 

the contiguous cells comprising a small island, including the focal cell, to the center of any cell con-

taining land that does not meet the definition of a small island as described for SI1. 

 
SI2 = 0.0, when V2 <1.0 km 

(0.5*V2) ð 0.5, when 1.0 Ò V2 <3.0 

1.0, when V2 Ó 3.0 

       

      

 

Figure 19 . Suitability relationship for brown pelican SI 2 , distance to mainland.  
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SI3 = Proportion of cell with black mangrove, Avicennia germinans, and/or marsh elder, Iva frutescens 

(V3): 

 
 

SI3 = 0.2, when V3 = 0.0 

(1.6*V3) + 0.2, when 0.0< V3 <0.5 

1.0, when V3 Ó 0.5 

 

 

 

Figure 20 . Suitability relationship for brown pelican SI3, percent mangrove 

and/or marsh elder.  

 

SI4 = Distance to human activity (V4). This SI is the minimum distance from the edge of a human 

activity area to the edge of the contiguous cells forming the island containing the focal cell. 

 

 

SI4 = 0.0, when V4 <0.1 km 

(3.33*V4) ð 0.33, when 0.1 Ò V4 <0.4 

1.0, when V4 Ó 0.4 

 

 

 

 

 

Figure 21 . Suitability relationship for brown pelican SI 4 , distance to human 

activity.  
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SI5 = Mean gulf menhaden HSI score (V5). This SI is the mean menhaden HSI score of cells within a 20 

km radius of a cell where SI1 >0.0. 

 

 
SI5 = 1.667*V 5, when V5 <0.60 

1.0, when V5 Ó 0.60 

 

 

 

 

 

 
Figure 22 . Suitability relationship for brown pelican SI 5 , menhaden HSI score.  
 

 

SI6 = Dominant habitat type in cell. Saline marsh receives a score of 1.0, whereas other habitat types 

receive a score of 0.0. 

2.4  SEASIDE S PARROW 

Seaside sparrow was included in the 2023 Coastal Master Plan HSI analyses to increase the diversity 

of bird species and bird habitats represented. Furthermore, because it is a marsh dependent species, 

seaside sparrow will likely be sensitive to future marsh loss due to erosion and sea level rise (National 

Audubon Society, 2014). To evaluate the effects of future landscape changes on seaside sparrow, an 

HSI model was developed using published literature to identify important environmental variables and 

formulate SIs describing the effects of these variables on sparrow habitat utilization. Model 

development focused on incorporating variables for which the ICM could supply input data. Further 

information of seaside sparrow life history, the model development process, and the SIs included in 

the model can be found in Attachment 1.   

The resulting HSI model for seaside sparrow includes three SIs: habitat type, emergent vegetation 

coverage, and marsh elevation. Habitat type is included in the model because seaside sparrow 

abundance has been shown to vary among emergent marsh types in Louisiana and elsewhere along 

the northern Gulf of Mexico. Emergent vegetation coverage is included because dense vegetation 

reduces the risk of predation on sparrow nests. Similarly, marsh elevation is included because nests 

built in higher elevation marshes are less prone to loss from flooding. Therefore, the HSI model is most 

applicable for calculating the annual habitat suitability score of a model cell for nesting seaside 

sparrows in coastal Louisiana. The model equation is: HSI = (SI1 x SI2 x SI3)1/3 . 
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SI1 = Proportion of model cell covered by habitat types (V1). Habitat types other than intermediate 

marsh, brackish marsh, and saline marsh are given a suitability score of 0.0. 

SI1 = [(1.0 x V1a) + (0.7 x V1b) + (0.3 x V1c)] 

Where: V1a = the proportion of a model cell that is saline marsh 

V1b = the proportion of a model cell that is brackish marsh 

V1c = the proportion of a model cell that is intermediate marsh 

SI2 = Percent of model cell covered by wetland vegetation (V2). This SI is the ratio of vegetated marsh 

to non-vegetated habitat (i.e., open water, bare ground, etc.) in a model cell.   

 
SI2 = 0.0154*V 2, when V2 <65% 

1.0, when V2 Ó 65 

 

 

 

 

 

Figure 23 . Suitability relationship for seaside sparrow SI 2, percent wetland.  

 

SI3 = Mean elevation of marsh relative to mean annual water level (V3). 

 

SI3 = 0.0, when V3 Ò 0.09 m 

(5.025*V 3) ð 0.452, when 0.09< V3 <0.285 

1.0, when V3 Ó 0.285 

 

 

 

 

 
Figure 24 . Suitability relationship for seaside sparrow SI 3, marsh elevation.  
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3.0  STATISTICAL -BASED MODELS  
The statistical-based HSI models for the 2023 Coastal Master Plan include those for brown shrimp 

(small and large juvenile stages), white shrimp (small and large juvenile stages), blue crab (juvenile 

stage), gulf menhaden (juvenile and adult stages), spotted seatrout (juvenile and adult stages), 

largemouth bass, and bald eagle. The 2023 fish, shrimp, and blue crab HSI models are replacements 

for the 2017 versions of these models because recent data and a new modeling approach were used 

in their development. The bald eagle HSI model is new for the 2023 Coastal Master Plan and was 

developed by adapting a bald eagle nest probability of occurrence model created by Audubon 

Louisiana. 

3.1  BALD EAGLE 

Similar to seaside sparrow, bald eagle was included in the 2023 Coastal Master Plan HSI analyses to 

increase the diversity of bird species and bird habitats represented. Bald eagles are generally 

associated with palustrine forested wetlands and typically nest in large, mature trees (Buehler, 2020); 

therefore, they are considered representative of upper estuary habitat. In Louisiana, forested wetlands 

are being impacted by saltwater intrusion and other stressors, and future sea level rise is expected to 

have large negative effects on these habitats and consequently bald eagle populations. Therefore, an 

HSI model was developed to evaluate the effects of future landscape changes on nesting bald eagle 

habitat. Details of bald eagle life history and HSI model development can be found in Attachment 2. 

The bald eagle HSI model was based on a statistical model that relates bald eagle nest probability of 

occurrence with land cover type. Nest data from coastwide aerial surveys conducted by LDWF during 

the 2014-2015 breeding season were summarized by a grid of 36 km2 cells. This cell size was 

selected following a comparison of models constructed using various estimates of nesting eagle home 

ranges and core use areas (Smith et al., 2017; Buehler, 2020). Using 2014 land cover data, the 

percent cover of nine land cover classes: agriculture, developed and upland, forested wetland, flotant 

marsh, fresh marsh, intermediate marsh, brackish marsh, saline marsh, and open water was also 

calculated for each 36 km2 cell. Cells with >95% open water were excluded from the analyses. The 

relationship between land cover class and nest probability of occurrence across the cells was then 

modeled using boosted regression trees. Because boosted regression trees use an iterative machine 

learning algorithm, each model produces slightly different results. Therefore, the analysis was run for 

1,000 iterations and model parameters were averaged across all iterations. The effect of the land 

cover classes on nest occurrence was evaluated by calculating the relative importance of each land 

cover predictor to the model. In addition, the probability of nest occurrence for each land cover class 

was plotted across a range of possible percent cover values (with all other land cover classes held to 

their average) to visually assess the trend. The results showed that forested wetland, flotant marsh, 

and open water explained the most variation in the model and had the greatest effect on nest 

occurrence (Figure 25). Fresh marsh, intermediate marsh, and developed and upland classes had 
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minor effects on nest occurrence and each explained between 1 and 3.5% of the variation.       

The nesting bald eagle HSI was created using the modeled relationships between probability of nest 

occurrence and the six land cover classes: forested wetland, flotant marsh, fresh marsh, intermediate 

marsh, open water, and developed and upland. An SI was created for each land cover class by fitting 

various functions to scaled versions of the relationships shown in Figure 25. Coefficients from the best 

fitting function were used to develop equations that represent the SI for each land cover class (see 

following descriptions of each SI). For the final HSI model equation, each SI was weighted by raising 

the SI to the power of the relative importance of that land cover class. The six weighted SIs were 

multiplied, then raised by the sum of the six relative importance measures to calculate a geometric 

mean of the six SIs. The resulting equation is: HSI = ((SI1)0.0104 x (SI2)0.3715  x (SI3)0.4743  x (SI4)0.0330  x 

(SI5)0.0353  x (SI6)0.0669)0.991. The model excludes cells that are >95% open water, thus these cells are 

assigned an HSI score of 0. The HSI model is applicable for calculating the annual habitat suitability 

score of a cell for adult bald eagle nesting in coastal Louisiana.   

 

 

Figure 25 . Marginal effects of land cover classes on probability of bald eagle nest 

occurrence, with 95% confidence intervals for: (A) bare ground or agriculture, 

(B) brackish marsh, (C) developed or upland, (D) flotant, (E) forested wetland, 

(F) fresh marsh, (G) .  

 
















































































































































































































































































































